The present study aimed to identify students' perceptions of endodontic treatment at a Brazilian university through a survey, which analysed student profiles and their difficulties in 2016. One hundred and two students who had experienced endodontic, laboratory or clinical procedures answered a survey based on their experiences, regarding their perceptions, experience and selfconfidence levels. Results demonstrated that there was no significant difficulty among students regarding anaesthesia, rubber dam use, chamber access, working length determination, instrumentation, root filling and temporary restoration procedures during endodontic treatment. However, problems were observed regarding radiographic examination (mainly in separating root canals) and the choice of intracanal medication. The present study also raised a question regarding dental education: how can endodontic education be improved by addressing students' perceived difficulties? Evaluating the major student difficulties during root canal therapy can help the improvement of teaching strategies during preclinical and clinical teaching.
Introduction
The perspectives of dental undergraduates about their educational experiences is an important aspect in the development of teaching methodologies (1, 2) . A number of factors, such as clinical experience, teacher/student/patient relationships, clinical application of theory, extracurricular activities, self-confidence and student dedication can significantly influence learning and practice (2, 3) . Dentistry programs aim to educate dental professionals based on knowledge and training. Students enrolled in Endodontics must be able to work at all levels of health care, based on technical and scientific knowledge.
Among other things, the undergraduate Endodontic discipline aims to develop tactile enhancement and improve knowledge in external and internal dental anatomy in all phases involving endodontic treatment and diagnosis. Due to the anatomical complexity of root canals, many students, during their training, report not feeling sufficiently prepared to perform some treatments, for example molar endodontic treatment (3) . This fact combined with the personal responsibility related to the patients' health is considered a significant challenge, although it can also be a stimulus for self-improvement (4) . The present study aimed to identify students' perceptions of the difficulties of endodontic treatment at a Brazilian university using a survey to analyse student profiles and difficulties and to have a discourse about possible solutions.
Materials and methods
The present study was submitted and approved by the Brazilian Ethics and Research Committee (registration # 47675115.9.0000.0029) and all participants signed a consent form. One hundred and two undergraduate dental students enrolled in Endodontics at the College of Dentistry at Universidade Cat olica de Bras ılia were included in this study. Endodontics courses are offered in the fifth, sixth, seventh and eighth semesters. In the fifth semester (preclinical course), students take Endodontics theory and preclinical classes. In the sixth semester (integrated dental clinic I), students carry out simple endodontic treatments (single-rooted and/or two-rooted teeth). In the seventh and eighth semesters (integrated dental clinic II and III, respectively), students perform more complex endodontic treatments (multirooted teeth).
All students participating in this study had experienced Endodontic, laboratory or clinical procedures during the semester answered a survey based on previous studies (5,6) by Saleh et al. (2014) and Murray et al. (2014) , with some modifications regarding details of procedures performed during endodontic treatment (Table 1 and Figs 1-4 ). Students were divided according to their experience (preclinical, integrated dental clinic I, II and III) and answers were divided according to endodontic treatment phase. Quantitative and qualitative analyses of students' perceptions of difficulties at different stages of endodontic treatment were established by its percentage in each experience level.
Results
The survey was given to 102 students who had undergone endodontic, laboratory or clinical procedures during the semester. They were distributed as follows: 39 students from the preclinical course, 6 students from integrated dental clinic I, 31 students from integrated dental clinic II and 26 students from integrated dental clinic III. All results are shown in Table 1 (yes/no answers) and Figures 1-4 (open-ended answers) .
Twenty-eight to thirty-five per cent of the students reported having some difficulty with anaesthesia ( Table 1 , question 1), considering that 90%-100% of the students had experienced local anaesthetic techniques (Table 1 , question 2). There were some students of preclinical experience level who described difficulty regarding technique, anaesthetic of choice and site of anaesthesia. In addition, there was a reduction in the percentage of students who related some difficulty in choosing the anaesthetic drug in integrated dental clinic II and III (Fig. 1a) . Moreover, students' least comfortable technique was posterior superior alveolar nerve block followed by nasopalatine nerve block (Fig. 1b) . Most students (68%-92%) did not perceive any difficulty with rubber dam use (Table 1, question 3) but those who reported difficulty, stated that it was with clamp adaptation (Fig. 1c) . Another analysed parameter that caused some problems was the radiographic examination technique -question 4 ( Table 1 ). It was observed that a higher percentage of difficulty was found in integrated dental clinic I and II. Likewise, 50% of preclinical and integrated dental clinic III students also reported a similar difficulty. However, more than 80% of students knew of various radiographic techniques (Table 1 , question 5), including the most cited, parallelism, and the least cited, Le Master (Fig. 1d) . In relation to radiography examinations in endodontics, students reported no difficulty in radiographic verification of master point placement (Table 1 , question 6), but significant difficulty in separating root canals, mainly in integrated dental clinic II and III (Table 1, question 7) .
The first procedure during endodontic treatment is endodontic chamber access. During this phase, most students did not specify any difficulty performing this procedure (65%-88%) and there was increased percentage of reported difficulty among integrated dental clinic II and III students who reported some trouble during this treatment phase (Table 1 , question 8). Mentioned difficulties were related to anterior and posterior teeth (according to different experiences levels) (Fig. 2a ) and access direction (Fig. 2b) . Nevertheless, there was significant difficulty locating, checking and removal of the chamber roof (Table 1 , question 9), mainly in anterior teeth (Fig. 2c) and during the use of instruments to guide the root canal location (Fig. 2d ). There was a decreasing percentage of perceived difficulty related to crown-down technique from preclinical (44%) to integrated dental clinic III (4%) students (Table 1 , question 10). The most difficult procedures from preclinical were related to the choice of file and the removal of necrotic tissue (Fig. 3a) .
Working length determination is a fundamental procedure in Endodontics. Students did not report significant difficulties with this procedure (Table 1, question 11) . A significant percentage (17%-39%) reported difficulties with this procedure mainly in determination of tooth length, determination of 3 mm short of apex (standard 3 mm reduction of teeth measured from the diagnostic radiograph to compensate radiographic distortions, according to Ingle's method), working length determination or other difficulty that was not mentioned (Fig. 3b) . A low percentage of students reported difficulty with instrumentation (Table 1 , question 12), with most problems related to the choice of file (Fig. 3c) . On the subject of intracanal medication, there was significant difficulty regarding its use (35%-67%), mainly in its choice (Fig. 4a) . Although confusingly 82%-97% of the students reported knowledge of intracanal medications (Table 1, question 14) . Among them, the least-known medication was chlorhexidine (Fig. 4b) .
When root canal filling processes are considered, most of the students reported no difficulty with this procedure (Table 1, question 15) . Of the few students who reported difficulties, the problems were varied (Fig. 4c) . The same results could be observed with relation to the temporary restoration procedure (Table 1, question 16; Fig. 4d) . Finally, more than 77% of participating students believed that all mentioned difficulties could have been overcome with further education (Table 1 , question 17) and also they had already tried to clarify difficulties with by studying at home (Table 1, question 18 ).
Discussion
Traditionally, the learning experience has been centred on the teaching staff, whose role is to convey knowledge based on training and clinical experience. In this scenario, it is up to the students to absorb the content of the subject in a passive way, with little or no space for criticism, what Paulo Freire called "banking education" which was in reference to the way in which knowledge was deposited into the minds of the students (7). The most proficient student is, therefore, the one who can reproduce knowledge in a way most similar to the teacher. With this method, learning outcomes have been limited and short-lived. Once the evaluative cycle of the subject has come to an end, the information is lost in the sense that the student cannot assign meaning to it. For knowledge to be consolidated, the student must understand essentially why he is learning certain content so that he can make the decision to apply it in real situations. Therefore, it is necessary for the endodontic student to develop critical thinking skills and a sense of responsibility in order to reduce errors and succeed with clinical treatment.
With these objectives in mind, active learning methodologies appear more beneficial to students. The main characteristic of this approach is the change in learning focus from the teacher to the student who starts to have more autonomy in the quest for and construction of his own knowledge. The teacher moves from the transmitter of information to the tutor, who just supports the student in the learning process.
There are several methods that have emerged for active learning (8, 9) , such as case studies, problem-based learning (PBL), project-based learning, inverted classroom, peer instruction, and more recently the blended learning concept, in a variety of formats. The last one is characterised by the combination of face-to-face meetings and online activities facilitated by the use of communication technologies (10) . In the health area, the PBL method is noteworthy. It has been used for more than 40 years and was initially proposed for medical course at McMaster University in Canada. It is essentially an interdisciplinary process that requires the prior elaboration of problem situations with specific learning objectives. Teaching staff are responsible for framing these problems and for guiding the student's research so they can understand basic concepts, discuss them in pairs, suggest concrete solutions and evaluate their results (8) .
A meta-synthesis of meta-analyses comparing the efficiency of PBL with conventional classrooms (11) concluded that the PBL method is significantly more effective than the traditional method for long-term retention of knowledge and skills. Strobel et al. (2009) also revealed that students learn in different ways and at different times. Therefore, the application of different teaching methods may be the most effective method for more meaningful learning.
The present study also raises the question: how endodontic education may be improved while considering students' difficulties. Specific results suggest improvements to the learning process (12) . It is critical to understand how dental students prioritise diverse elements of their educational experience (1). In these cases, some students revealed difficulties in performing some techniques, while others had shown some knowledge about those techniques. With this in mind, studies have investigated students' performance related to anaesthesia and radiographic examinations. Brand et al. (2010) showed that students who practised on training models were significantly more confident and calm performing anaesthesia resulting in decreased patient pain (13) . Thus, was concluded that preclinical training models may demonstrate beneficial results for the subsequent performance of clinical procedures.
With regard to errors in periapical radiography examinations, Peker and Alkurt (2009) suggested that the most frequent periapical error by students was the incorrect angulation in relation to anatomical locations (14) . Such an error may be reduced by using anatomical structures as reference points during the performance of radiographic examinations. Indeed, this knowledge is also associated with basic disciplines generally taught at the beginning of the dental course. Thus, theory must be associated with practical models (15) . New developments such as the use of specific radiographic film positioners, apex locators and digital x-ray sensors might be beneficial once students access and apply this knowledge correctly.
The use of intracanal medicaments was also investigated. Chemical cleaning of the root canal to prevent post-treatment pain and help reduce root canal disinfection is capable of inactivating microorganisms and their by-products. Each medicament presents specific properties and applications depending on the endodontic diagnosis (16). Thus, a wide variety of medications available may hinder the choice of the best medication to be used in each clinical case unless although understanding of each medicaments properties has been understood by the student.
On the contrary, other difficulties might be related to the level of clinical experience, since preclinical students present more difficulties compared to integrated dental clinic III students (Table 1, questions 10-13 ). These problems were related to instrumentation, working length determination and intracanal medication. As previously reported, training is also important to student performance in the clinical environment. Indeed, the inclusion of rotary instruments could improve endodontic treatments in dental school. Kwak et al. (2016) demonstrated that dental students have a preference for nickel-titanium endodontic instruments rather than stainless steel instruments because of decreased instrumentation time, ease of use and an aesthetically pleasing final canal shape (17) . However, hand instrumentation is claimed to be safer compared to rotary instrumentation due to a lower instrument fracture rate. Indeed, the use of rotary instruments requires intensive preclinical training as instrument fracture was shown to be greater than when using stainless steel files in endodontic treatments performed by students, according to Alrahabi (2015) (18) . It is important that students have intensive preclinical training in all aspects of endodontic instrumentation to develop their dexterity in endodontics. It is stressed that knowledge of theory and preclinic of training are fundamental for the application of any new technique in clinical practice. Understanding this knowledge will permit students and dentists to choose the technology that best suits them.
A study carried out in Saudi Arabia demonstrated that the greatest difficulties of students (during transition from preclinical to clinical endodontics) were in locating the apical constriction and controlling the length of the master point (19) . Another study showed that the greatest difficulties of preclinical and clinical students were related to radiographic techniques, treatment of curved and narrow canals, access cavities, rubber dam use, identification of the root canal, instrumentation and root filling (20) .
Although most students reported that doubts and difficulties could be resolved in the classroom and that they had also tried to solve them with complementary studies, it is important to encourage them to discuss and reflect on different clinical cases and the best approach for each. In this regard, different students in the course might also behave differently. Henzi et al. (2006) demonstrated differences between freshman and junior dental students regarding learning experience: freshman students reported significant stress levels and juniors reported low "faculty supportiveness" (21) . Indeed, according to Emrick and Gullard (2013) , evidence-based practice must be introduced into dental student training based on curriculum components, seminars and student representation at annual research meetings to reach school-wide dissemination of knowledge (22) .
Thus, preclinical endodontics evaluated in this study involved multiple evaluation methods including theoretical and practical tests, daily accounts of laboratory practice, clinical case discussions and procedural demonstrations in addition to interactive classes. In fact, it is important to uncover student difficulties in order to improve endodontics teaching and learning and produce better clinical outcomes. Any clinical procedure involves some level of risk and requires the technical assuredness and ethical conduct of those who carry it out. The patient is considered vulnerable during care, and it is the responsibility of the student to perform, under clinical supervision, according to demonstrably effective and ethically acceptable techniques (23) . Safety is achieved through knowledge and experience, so it is essential that the student feels responsible for his/her own learning in order to be likewise responsible in his clinical performance. According to Strobel and Van Barneveld (2009) , the student who experiences the active construction of their own knowledge is the best way to achieve this situation (11) .
Conclusion
In conclusion, evaluating the major student difficulties during root canal therapy can help the elaboration of teaching strategies during preclinical and clinical teaching. According to our study, areas that need greater emphasis during the teaching process are radiographic techniques and the choice of intracanal medication. In addition, there is a need to improve student awareness of previous theoretical knowledge and their responsibilities during treatment.
